Background
Mansonella ozzardi is one of the etiological agents of mansonelliasis, is an filarial worm parasite endemic in the South and Central Americas [1] . This is a human-parasite poorly studied yet and, may causes in humans, since no-specific clinical symptoms (fever, joint pain, adenitis, headache, weakness of the inferior extremities) to no sign record evidences [2, 3] . The M. ozzardi infection is transmitted by bite of infected insects Simuliid blackflies and Ceratpogonid midges (Diptera), being that in Brazil only the Simuliids are vectors [1] .
In Brazil, mansonelliasis was only caused by M ozzardi, however recently characterized with molecular evidence, the presence of M perstans, but only restricted, until now, in the high Negro River, São Gabriel da Cachoeira municipality, Brazilian border with Colombia [4] .
The distribution of M. ozzardi infection is wide in the Amazonas State, Brazil, and can be found along the Solimões, Purus and the Negro Rivers and theirs tributaries [5] [6] [7] . The absence of definite symptoms, neglected treatment and a high abundance of vector have contributed to high prevalence of M. ozzardi. Recently, Basano et al. [8] showed that M. ozzardi infection was present in 50.3% riverine communities samples of Lábrea, Amazon region, suggesting that the prevalence of this parasite is higher than previously studies [6, 9, 10] . Tefé is a typical riverside city in Amazon basin, with the most part of economics and cultural inhabitant's habits depend of river. In the region the first record M. ozzardi were made in the 1950 s (prevalence rate of 5.8%) and currently it is found at a high prevalence (16.3%) [5, 11] .
The immune response to microfilariae infection is complex and associated mainly with the different evolutionary cycles of the parasite in the host. It is known that in lymphatic filariasis disease is characterized by a large spectrum of clinical presentation seen among most infected people [12] . In this context, the pathogenesis of chronic lymphatic filariasis was associated with the inflammatory response, IL-1beta, TNFalpha, IL-6 and IL-12 [13, 14] and Th1 cytokine, IFN-gamma [13, 15] . However, the patients in asymptomatic microfilaremic state respond to filarial antigen and produced cytokines such as IL-4, IL-10 and TGFbeta, which have anti-inflammatory effect. Furthermore, these cytokines induced downregulation of Th1 cells and decreased the secretion of IFN-gamma [16, 17] . Suggesting that asymptomatic patients fails to develop a sufficient Th1 response, when stimulated with filarial antigens, but the Th2 response remains preserved [17] . In addition, the clinical presence of lymphedema in filarial infections, was also associated with Th17 and Th22 cells expansion, and these responses were directed by IL-1, IL-23 and TGF-beta [18] .
Natural course of microfilariae infection involves a polarization of the Th2 profile immune response, modulated mainly by the action of female adult parasites, that release larval microfilariae into the blood stream [19] . Th2 cytokines (IL-4 and IL-5), promote on B cells to produce high levels of IgG4 and IgE antibodies [20, 21] and T regulatory cells release mainly IL-10 and TGF-beta that also may bias B cells to switching of this subclass [22] . Regarding to the presence of T regulatory cells, it is known leading to hyporesponsiveness and appears to protect the host and/or prevent an exacerbated immune response, allowing the survival and persistence of the microfilariae in the host [22] [23] [24] [25] .
Indeed, IL-10 and TGF-beta are implicated in the immune response to lymphatic filariasis [16, 26, 27] and peripheral blood mononuclear cells (PBMCs) from asymptomatic patients secrete IL-10 spontaneously [24] . Further, filarial infection may also influence the immune response against other pathogens, for example in a co-infection of filariasis and malaria [28, 29] . Moreover, in onchocerciasis patients coinfected with mansonelliasis showed a depressed cellular responsiveness to Onchocerca volvulus antigen (OvAg) compared with endemic controls and patients with a single filarial infection [30, 31] .
Despite the clinical signs of microfilariae infection have been defined [2, [32] [33] [34] , the approaches on immune response to parasite M. ozzardi are scanty. Therefore, the present investigation has as objective to quantify the cytokines (TNF, IL-6, IL-4, IL-10, IL-2, IFN-gamma and IL-17A) in blood samples from individuals infected with M. ozzardi that live-in communities of middle Solimões River in the Tefé city, Amazonas State. We describe for the first time that IL-10 cytokine is increased and modulates the Th1, Th2 and Th17 immune response during the M. ozzardi infection. In addition, the contribution of IL-6 to proinflammatory activity and parasite load control is observed, with the presence of IL-4 directing the immune response to the Th2 profile, characteristic of parasitic diseases
Methods

Ethical issues
The research protocol was approved by the Comitê de Ética em Pesquisa da Fundação de Medicina Tropical Dr. Heitor Vieira Dourado (CEP/FMT-HVD process #1504/10). All participants read and signed the written informed consent form prior to enrollment, according to Declaration of Helsinki and Resolution 466/12 of the National Health Council for research involving human subjects.
Study area and sampling
The study was carried out with biological samples collected in the rural area of the municipality of Tefé (3°30′S 64°58′W), in the Amazonas State. The municipality of Tefé has 61,453 inhabitants (81.5% in the urban area and 18.5% in the rural area. In addition, the rural populations are located along the rivers and affluent in communities whose economic base consists of incentives from federal programs, fisheries and agriculture [35] .
A cross-sectional study was conducted with 54 patients diagnosed by our group with Mansonella ozzardi (MF) and 55 individuals without the infection, enrolled in the control group. All individuals included were from the same endemic area, sharing similar environments and risks of microfilaria/vector exposure.
M. ozzardi diagnostic by thick blood smears
The diagnosis of M. ozzardi infection was performed using the thick blood smears (TBS) technique, using fresh blood samples obtained by digital puncture. Approximately 60 μL (two drops) of blood were collected from each individual and placed on a slide and stained with Giemsa as previously described by Medeiros et al. [11] . The TBS positive samples were counted for the level of microfilariae density. Thick blood smears were categorized into three groups depending on the number of microfilariae count per 60 μL of blood: (a) uninfected, no microfilariae; (2) low microfilaremia [MF_Low] the TBS between 1 and 5 mf/60 μL, and; (3) high microfilariae [MF_High] the TBS with ≥5 mf/60 μL of blood. The microfilariae species was identified per polymerase chain reaction [36] .
Peripheral blood collection
Five milliliter of blood from individuals included in study were collected by venipuncture in BD SST tubes Gel II Advance (BD Biosciences, USA). Serum was separated into aliquots in cryotubes and maintained at −80°C until the moment of the accomplishment of the dosages of cytokines.
Circulating cytokines levels measurements by flow cytometry
The circulating cytokines levels (IL-2, IL-4, IL-6, IL-10, TNF, IFNgamma and IL-17A) presents in BD™ Human Th1, Th2, Th17 CBA kit (Cytometric Bead Array, code 560484, BD® Biosciences, San Jose, CA, USA) were measured in cryopreserved serum (at −80°C), following manufacturer's instructions. Sample acquisition was performed in FACSCanto II flow cytometer (BD® Biosciences, San Jose, CA, USA) at the Instituto Leônidas e Maria Deane (Fiocruz-Amazônia). The mean fluorescence intensity (MFI) of each circulating cytokine was calculate used with FCAP-Array software (v.3.0.1, Soft Flow Inc., USA).
Data analysis
Comparative analysis between groups were performed to evaluate the serum cytokines, using the Graphpad Prism software (v.5.0, San Diego, CA, USA). Data normality was confirmed by Shapiro-Wilk test. The continuous variables presented a non-normal distribution and data were analyze with nonparametric Kruskal-Wallis test, followed by Dunn's posttest to compare pairs. Statistically Significance were considered in all cases at p < 0.05. Multiple linear regressions was performed to investigate association between the cytokines levels and the parasite load (MF_Low and MF_High) of M ozzardi infection. For both regression analyses, the variables age and gender were included as confounders. The general signature of high cytokine producers by M. ozzardi infection was assembled as reported previously [37, 38] . Briefly, the global median value for each cytokine was calculated using data from all patients (Control group, M. ozzardi infection [MF], M. ozzardi infection with low parasite load [MF_Low] and M. ozzardi infection with high parasite load [MF_High]). The global median for each cytokine was employed as a cut-off point to discriminate each individual as "Low" or "High" producer of the cytokine serum summarized in gray scale diagrams. Afterwards, the "cytokine signature" for the control group was then assembled and taken as the "reference curve" (-□-) to highlight the changes in the cytokine profile of MF, MF_Low and MF_High individuals. The relevant differences, considered when the values were above the 50th percentile of the study group was confined into the "higher producers". The Venn Diagram was performed using the website [https://bioinformatics.psb.ugent.be/webtools/Venn/] was assembled as reported previously [39, 40] .
Results
Characteristics of the study population
All subjects of this study living along the Solimões River in Tefé city, Amazonas State, Brazil. The population density in this area is low, and the people live in communities dispersed along the river and generally practice subsistence farming (agriculture and fishing). Baseline characteristics of individuals included in study are shown in Table 1 .
Circulating cytokines profile in Mansonella ozzardi infection
The results of quantification of the IL-2, IL-4, IL-6, IL-10, TNF, IFNgamma and IL-17A cytokines of M. ozzardi infection (MF), subgroups (MF_Low and MF_High) and Control group (CG) are described in Fig. 1 . Significant increases in the IL-6 and IL-10 cytokines levels in the MF group and in the MF_Low subgroup (Fig. 1B and G) were observed. Despite the increase in IL-10 and decrease in IL-6 cytokine levels in the MF_High subgroup, no significant difference was observed when compared to the other groups evaluated. Table 2 summarizes the multivariable linear regression analyses for IL-6, IL-10 and IL-6/IL-10 axis association with the different variables (age, gender and parasite load). However, non-independent association were observed.
Mansonella ozzardi infection is associated with high production of IL-4, IL-6 and IL-10 biomarkers
To further characterize the cytokine profile associated with M. ozzardi infection, we performed the global cytokine signature analysis in order to search the probable biomarkers that may be associated with the disease. Initially, the individuals present in the studied groups and subgroups were compiled in gray scale diagrams to determine the frequency of high producers with "High" cytokines levels ( Fig. 2A) . Were observed that individuals infected with M. ozzardi presented higher frequencies of IL-4, IL-6 and IL-10 and lower levels of IL-17A when compared to the control group (Fig. 2B) . The MF_Low and MF_High subgroups demonstrated similar results to the MF group, with loss/gain of the IL-4 and IL-17A biomarkers in the MF_High subgroup, respectively (Fig. 2B) .
IL-6/IL-10 axis modulating the immune response in Mansonella ozzardi infection
The comparative analysis between the groups and subgroups studied was also performed after the assembly of the Venn Diagram, to identify the main biomarkers present in M. ozzardi infection. Data analysis showed that individuals with M. ozzardi had a cytokine profile modulated by the IL-6/IL-10 axis, independent of increased parasite load, whereas IL-4 cytokine was observed only in the MF and MF_Low groups. In addition, IL17A was observed as a biomarker present in the individuals of control group (Fig. 3 ).
Discussion
Several studies have reported downregulation of Th1 and Th2 immune responses during in filarial infection characterized by production of IL-10 regulatory cytokine, modulating both Th1 and Th2 immune responses [16, 24, 41, 42] . In the current study, significant increased IL- 10 cytokine levels in microfilariae infected patients were confirmed for all analyzes performed. However, IL-6 cytokine levels were also significantly increased in patients. The IL-6 is an important inflammatory cytokine and collaborates to promote human Th17 cells differentiation in the presence of other cytokines, such as IL-1beta, TGFbeta and IL-21 or IL-23 [43, 44] . But in present study we not available the association between IL-6 and that's cytokines. In a study conducted by Satapathy et al. [45] , detected high concentrations of IL-6 and IL-8 in the plasma from patients with acute and chronic filariasis disease, while TNF-alpha was increased only in acute filariasis. Thus, increased levels of IL-6 and IL-8 emerged as a marker of disease expression. In our work, the IL-6 was significantly increased in microfilariae infected patients, probably to collaborate Th17 cells response and control microfilariae activity, but simultaneously these cells appear to limit Th1 and Th2 cell responses against M. ozzardi.
Although immune responses to filarial parasites may be directed to the Th2 profile [46, 47] , as assessed in vitro in response to stimulation, previous studies have reported no difference in the Th2 responses between infected and not infected subjects living in endemic areas [29] [30] [31] [32] . In this study, TNF, IFN-γ, IL-2, IL-4 and IL-17A showed no differences in serum concentration between patients and controls (Fig. 1) . These responses suggest that the investigated patients present different stage of infection, considering that the immune responses of the host may be very different for each stage of the parasite's life cycle. 
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Example, the early immune response of PBMC stimulated in vitro with live L3 infective-stage larvae of Brugia malayi was dominated by proinflammatory cytokine production by T cells in naive individuals [48] . Failure to determine the exact time of infection to the parasite is a limiting factor for most of the research conducted on clinical specimens from infected patients, including our study. However, it is possible to observe in the asymptomatic patients some cytokines that appear to be predominant in this clinical form. Another unconventional data analysis was used, describe as the signature of cytokine (Fig. 2) , in addition to IL-6 and IL-10, the IL-4 was also detected increased in infected patients, demonstrating the toward to response of the Th2 profile. These results propose that during filarial infection, regardless of whether high or low parasitaemia, the secretion of IL-4 and IL-10 was to avoid Th1 cells response exacerbated against filarial parasites and to prevent further damage to the host, but allows survival and persistence of the parasites in the host. Furthermore IL-6 should assist in controlling the M. ozzardi.
The IL-17A in the signature analysis was lower in the infected patients when compared to the control group, but when patients were stratified (MF_Low and MF_High), the IL-17A was evidenced to be increased in MF_High individuals, this cytokine seems to play an important in modulate of host immune response and limiting parasites growth and multiplication. Recently, Pathak et al. [49] , demonstrated in mice treated with anti-CD25 and anti-GITR antibodies reduced T regulatory cells, increased Th17 cells response and activated dendritic cells, which together appear to have reduced of parasite load. It is important to mention that Th17 cells are not the only source of IL-17, since some innate lymphoid cells (ILCs), can also produce this cytokine [50, 51] .
In the analysis using the Venn Diagram (Fig. 3) , as expected IL-6 and IL-10 were identified as biomarkers for asymptomatic M. ozzardi infected patients, demonstrating that these cytokines, and probably with other unanalyzed cytokines such as IL-1beta and TGF-beta, may be avoiding intense responses, but at the same time try to control the action of circulating parasites. The IL-4 was detected as a marker in the group of MF-Low patients, indicating the action of the Th2 cell response, which together with IL-6 should control the parasite load. Meanwhile, in the control group, IL17A was identified as a marker, which appears to be an important cytokine in the protection against M. ozzardi. Conversely, Anuradha et al. [18] identified a clear association between Th17 and Th22 cell expansion and lymphatic pathology in Wuchereria bancrofti infections. But in our findings, considering that Th17 cell responses are important against extracellular pathogens, it may also be possible to clearance parasite infection in collaboration with other immune response [50] [51] [52] [53] .
The complex network of cytokines acting during M. ozzardi infection depends on a fine balance to determine a host protective effect and modulating the filarial persistence. In the present study, the cytokines evidenced performing these roles were IL-6 and IL-10, respectively. This research has some limitations. Despite the interesting results presented, this study was conducted with biological samples collected from endemic areas for M. ozzardi, sampling defined by convenience (MF patients and controls). Since the individuals infected with this parasite reside in areas that are difficult to reach the medical team (riverside regions, far from cities, with access by river transport), which makes it difficult to carry out studies aimed at elucidating the mechanisms involved in the immune response to M. ozzardi infection.
Conclusion
Ours data demonstrated IL-10 predominant cytokine in asymptomatic M. ozzardi infected patients, modulating Th1, Th2 and Th17 immune response. The IL-6 contributes to the proinflammatory activity of Th17 response and IL-17A produced corroborates for the control of parasitic load. Despite, IL-4 was markedly present in filarial patients, demonstrating that targeting to the Th2 cell profile, characteristic of diseases caused by filaria.
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